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INTRODUCTION 


The  storage  reservoirs  of  the  United  States  play  a  vital  role  in 
our  industrial  and  agricultural  vrar  production.    The  domestic  and  in- 
dustrial Ymter  supply  of  probably  half  of  our  ivar  production  centers  comes 
from  these  reservoirs.    One-third  of  the  Nation's  poY/er  comes  from  hydro- 
electric povrer  dams^  most  of  them  dependent  on  storage  reservoirs.  Most 
of  our  irrigated  agricultui^e ^  v;hich  produces  many  critically  needed  crops^ 
depends  on  TOter  storage.    Most  of  our  larger  dams  arc  noT-:  under  military 
guard  because  their  destruction  vrould  be  a  catastrophe^  and  their 
continuous  function  is  vital  to  v.^ar  production. 

In  many  sections  of  the  United  States  our  storage  reservoirs  are 
being  rapidly  sabotaged  by  an  enemy  of  our  o\m  making— silting  that  results 
mainly  from,  accelerated  soil  erosion.    We  must  maintain  a  vigilant  guard 
against  this  insidious  form  of  destruction  just  as  airely  as  vre  must  guard 
against  damage  by  enemy  agents. 

For  8  years  the  Soil  Conservation  Service  has  been  studying  the 
effects  of  accelerated  soil  erosion  on  reservoir  silting.    This  report  is 
one  of  a  scries  of  summaries  of  existing  data  for  different  States  and 
drainage  basins  compiled  as  a  guide  for  engineers  and  conservationists  who 
are  charged  with  farm  rnd  v.'-atershed  planning  and  construction  of  public  and 
private  storage  developm.cnts , 

Fortunate ly^  the  State  of  u>shington;  treated  in  this  report^  appears 
to  be  relatively  free  of  serious  reservoir-silting  problems,  although  the 
available  dnta  are  admittedly  meager.    These  data  are  valuable,  however,  as 
part  of  a  Nation-vride  suiiLmary  because  they  do  indicate  this  relative  freedom, 
from  silting  troubles  in  reservoir  operation  and  new  construction  in  this 
area. 


gener^^lL  infOxRi^i;.tion 


All  of  the  quantitative  data  on  reservoir  sedimentation  in  this 
report  were  obtained  by  the  late  Yvillirm  T,  Holland  of  the  Sedlment'^tion 
Section,  Soil  Conservation  Service,  vrhile  m'^.king  a  rccorinaissance  inspec- 
tion of  reservoirs  of  this  State  during  I.Iay,  June,  and  July  1936,    The  data, 
on  the  silting  basin  at  Wilsoncreek  vrere  obtained  by  "  detailed  engineering 
survey  made  by  the  Sedimentation  Section  of  the  Soil  Conser\'-ation  Service 
(page  11),    All  other  information  was  obtained  frora  scattered  published  and 
unpublished  source s. 


t 


1 


2 


No  dGtiilcd  i-esc-rvoir  surveys  to  dctcrriine  loss  of  stor-'^.gc  c^'.p.'-.city 
by  silting  h'^.vc  been  !TL:'^.de  in  Yfishington.     The  c.stin":'.tos  of  crp-^city  losses 
given  in  this  report  r.re  br.sed  on  results  obtr.ined  by  reconnr.iss.-'ncG 
sedimentr.tion  s-arv^ys,    A  rGConnr.issr.ncc— t^nDc  survey  consists  of  rLcrsuring 
the  thickness  of  sedinent  r.t  p.  few  ■'.Tcll-^distributcd  locr.tions  in  thu 
reservoir  rnd  cr.lculr.ting  from  those  iner.surenicnts  the  r^tio  of  sediix. nt 
volume  to  the  originr.l  storr.gc  cr.p-^.city  of  the  reservoir.    Surveys  of  this 
tj'po  h.'^vG  been  mrde  by  the  Sodinic ntr.tion  Section  of  the  Soil  Conservation 
Service  on  several  hundrr^d  reservoirs  thjr'oughait  the  country  to  provide  d.rta 
sr.tisf r.ctory  for  estimr.ting  the  generr.l  order  of  r.^.gnitude  of  reservoir 
silting.    These  dr.tr.  r.re  not  comprrrble  in  ^ccur'c;^  to  those  obtr.ined  fi'cm 
detailed  surveys  r.nd  r.re  not  intended  for  use  in  n'^king  close  cor",\n'~risons  of 
rr.tes  of  "ccuniulr.tion  or  erosion  from  vrrtershed  -rror.s.    The;/  .-".re  suf- 
ficiently reliable^  hov;ever^  to  indicate  v.-hether  the  useful  life  of  the 
reservoir  is  of  the  order  of  tens  or  scores  or  hundreds  of  ;,-ears.    In  re- 
vieY-ang  the  results  of  the  reconnaissance  sedim:. iitrtien  surveys  in  Washing- 
ton^  it  appears  that  there  is  a  general  -"bsence  of  measui'enents  of  the 
thickness  of  delta  deposits  of  coarse  material  at  the  upper  ends  of  the 
lakes;  and  since  delta  deposits  often  represent  a  sizable  percentage  of  the 
incoming  sediment  load^  especially  in  this  St^^.te^  it  is  believed.,  that  the 
estimated  rates  given  in  this  report  are  minimum  rates  and  r.re  generally 
lovrer  than  the  actual  rates  of  silting. 

The  exact  number  of  drms  and  storage  reservoirs  in  the  State  of 
Washington  is  not  knov:n^  but  the  Soil  Conservation  Service  has  assembled 
detailed  information  on  more  than  100,    The  total  cost  of  construction  of 
all  reservoirs  in  the  State ^  v.n  th  appurtenant  i:orks^  is  estimated  to  be 
more  tiirn  $378^000^000.2/    This  represents  a  tremendous  investment  rrhich.  is 
prob'^blj'"  as  great  as^  if  not  gre'^ter  than^  th.^t  in  any  other  State  in  the 
Nation,    More  th.an  one-half  of  this  investment^  hoiTever,  is  represented  in 
the  cost  of  the  Bonneville  rnd  Grand  Coulee  projects.    The  total  investment 
in  the  State,  exclusive  of  Bonneville  rnd  Grand  Coulee  projects,  hrs  been 
more  than  vl60 , 000 , 000 ,  of  '.Thich  79  percent  has  been  for  poY.xr  development, 
8  percent  for  irrigation,  7  percent  for  vrat^r-supply  purposes,  and  6  per- 
cent for  flood  control.    Less  thrn  1  percent  h'^s  been  invested  .for  other 
purposes,  including  recreation. 

Although  the  data  contained  in  this  report  are  confined  to  less 
than  25  percent  of  the  reservoirs  in  the  State,  tiiese  data,  nevertheless, 
give  a  general  indication  of  the  extent  of  reservoir  silting  in  the 
several  main  drainage  basins  of  Y/ashington, 


This  estimate,  as  v:ell  as  the  cost  analyses  on  the  fclloT:ir'g  pag..s,  is 
based  on  available  information  and,  in  general,  uccs  not  include  th..  cost 
of  a  number  of  small  developments  in  different  sections  of  thc:  Stat^_  upon 
which  no  information  is  availrble , 
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The  resGrvoir  r.nd  siltin^^  d-^.tr.  r.rc  discussed  r.ccordinfr  to  the 
principr.l  drrinr.gc  br.sins  in  v.-r.shington.    The  discussion  for  cr.ch  basin  in-- 
eludes  r.n  estimate  of  the  cost  of  drms  and  reservoirs  in  the  basin  accord- 
ing to  purpose  served^  a  suinmary  of  silting  data  pertaining  to  the  major 
reservoir  projects  in  the  basin;  a  summary  of  other  sedimentation  data 
v^hich  have  a  definite  relationship  to  reservoir  silting;  and  a  conclusion 
of  the  probable  extent  of  reservoir  silting  in  the  basin.    Figure  1  shoT:s 
the  location  of  each  principal  drainage  basin  and  the  reservoirs  on  vrhich 
sedimentation  studies  have  been  made.    Table  1  is  a  sunmary  of  all  the 
knovm  suspended-load  data  obtained  in  the  State,    Tables  2^  3)  "-nd  /+  give 
engineering,  v:atershed,  and  silting  data  for  selcctL.d  dams  and  reservoirs 
in  V.'ashington. 

YJJLSKINGTON  COAST  BASIN 


More  than  $7^900,000  has  been  spent  for  arm  and  reservoir  con- 
struction in  the  Vfashington  Coast  Basin,    This  is  estimated  to  be  about  5 
percent  of  the  total  cost  of  all  such  projects  in  the  State  of  v/ashington, 
exclusive  of  the  Bonneville  and  Grand  Coulee  developments.    It  is  cstiin.ated 
that  out  of  this  ^7^900,000,  17  percent  has  been  spent  on  vraterw-supoly 
projects  and  82  percent  for  porrer  development.    The  Elv.'ha  and  Glincs  Canyon 
povrcr  developments,  near  Port  Angeles,  are  the  only  major  projects  in  thiO 
YiTashington  Co^.st  Basin, 

No  silting  data  are  available  on  these  reservoirs  or  anv  minor 
reservoirs  located  in  this  drainage  basin.    Several  areas  of  severe  sheet 
erosion  and  frequent  gullies  are  kno-an  to  exist  in  the  'tfashington  Coast 
Basin,  and  resei-voirs  of  relativelv  lev;  ca-oacitv-T.-atershed  ratio?./ 
located  doT.-nstrerm  from  these  areas  mdght  be  filling  vrith  sediment  rapidly. 


'=/The  capacity-vratershed  ratio,  vrhich  is  usually  expres.sed  in  acre-feet 
of  storage  capacity  per  scj^uare  mile  of  direct  tributary  drainage  area,  has 
been  found  to  be  one  of  the  most  important  factors,  generally,  governing 
the  rate  of  silting  or  annual  loss  of  storage,    ITith  all  factors  affecting 
the  rate  of  erosion  in  the  draina^re  rrea  being  equal,  the  laivgcr  the  rrater— 
shed  for  any  given  size  reservoir  the  grO'-^.ter  Y:ill  be  the  amo^mt  of  sediment 
brought  in  ^.nd  the  higher  v.lll  be  the  rate  of  caprcity  loss. 
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PUGET  SOUND  BASIN 


Nearly  .•|565^  000^  000  has  been  expended  for  dam  and  reser^/oir  con- 
struction in  the  Puget  Sound  Basin.    This  amount  is  equal  to  more  than 
4-0  percent  of  the  total  investment  for  dams  and  reservoirs  in  the  State^ 
exclusive  of  Bonnevj.lle  and  Grand  Coulee  projects.    About  ■;^48, 000, 000,  or 
74  percent,  of  this  has  been  spent  for  power  development,  while  approxi- 
mately $8,000,000,  or  12  percent,  has  been  spent  for  water  supply,  and  the 
same  amount  for  flood-control  purposes. 

Major  projects  in  this  basin  include  Cusl'mian  No.  1  and  Cushman 
No.  2  dams  on  the  North  Fork  of  the  Skokomish  Piver,  Diablo  and  Ross  dams 
on  the  Skagit  Hiver,  Shannon  dam  on  the  Baker  Ri.ver,  Electron  pov/er  plant 
on  the  Puyallup  "River,  LaGrande  power  plant  on  the  Ni squally  River,  and 
'■iThite  River  power  plant  on  the  ''.■J]'iite  River.    Ti^/o  large  storage  reservoirs, 
LaGrande  and  Alder,  are  at  present  under  construction  on  the  Nisqually 
River,  and  Mud  Fountain  flood-control  dam  is  undei"  construction  on  the 
Y'.Triite  River. 

The  ov/ners  of  Cushma,n  No.  1  and  Cushman  No.  2  dams,  in  the  western 
part  of  the  basin,  consider  silting  to  be  very  slight  in  their  reservoirs. 
This  is  to  be  expected  in  view  of  the  fact  that  Cushman  No.  1  v/as  formerly 
a  natural  lake  ?n.th  an  extremely  high  ratio  of  storage  to  drainage  area 
and,  in  addition,  has  a  very  well-forested  V'/atershed.     Cushmsn  No.  2  is 
protected  against  silting  by  Cushman  No,  1,  imuiiediately  upstream.    A  sm.all 
amount  of  material  is  picked  up  from,  the  gorge  of  the  spillv/ay  channel  of 
Cushm.an  No.  1  and  carried  into  Cushm.an  No.  2,  but  the  amour.t  of  sediment 
derived  from  this  source  is  considered  negligible. 

A  reconnaissance  sedi nentation  survey  of  Diablo  Reservoir,  in  the 
northeastern  part  of  the  Puget  Sound, Basin,  revealed  that  a  very  lev:  rate 
of  silting  e.xists  at  this  reservoir.    Host  of  the  sediment  deposited  in 
Diablo  Reservoir  consists  of  glacial  silt  carried  in  by  Thunder  Creek. 
Belov;  Diablo  Reservoir,  however,  the  Skagit  River  is  seriously  eroding 
its  banks,  and  any  reservoir  v;ith  a  lew  capacity-watershed  ratio  con- 
structed on  the  main  stem  in  the  lower  reaches  of  this  strea.m  might  have 
a  much  higher  silting  rate  than  that  of  Diablo  Reservoir. 

A  definite  sediment  problem  exists  at  the  several  large  pov/er  dcvelo 
ments  located  on  the  Nisqually,  puyallup,  and  '^/hite  Rivers  in  the  eastern 
part  of  the  basin,  although  this  problemt  is  not  directly  connected  with 
depletion  of  reservoir  storage  capacity.     The  Nisqually,  puyallup,  and 
IVhite  Rivers  are  glacial-fed  streams  'f^hich,  during  flood  periods,  carry 
large  quantities  of  silt,   sand  and  gravel  derived  from  the  slopes  of  Fount 
Rainier.     These  flood  periods  occur  when  the  m^elting  of  glaciers  is  most 
active,  generally  during  the  m.onths  of  June,  July,  and  August,   and  oc- 
casionally during  the  fall  when  the  Chinook  winds  c.re  comraon. 
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The  poY/er  plants,  in  all  cases,  arc  located  sono  distance  fror^  the 
points  of  diversion  on  the  main  streams,  and  Y;ater  is  brought  to  the 
regulating  reservoirs  or  forebays  by  means  of  canals  and  flur.ics.  Sediment 
carried  by  floods  is  deposited  in  the  impounding  areas  above  the  diversion 
dams  and  in  the  flumes:,  canals,  forebays  and  regulating  I'eservoirs  con^ 
nectcd  with  the  poY/er  plants,    Jtirtherriore,  sediment  in  the  water  abrades 
the  turbine  linings,  runners,  I'/ickets,  and  other  parts  of  the  turbines. 
It  has  been  necessary  to  install  sediment-control  devices  at  these  plants 
in  order  to  overcome  these  problcm.s. 

The  Puget  Sound  PoY/er  pud  Lir^it  Company  has  had  considerable  trouble 
Yilth  sediment  at  its  Electron  plant  20  miles  southeast  of  Tacoma,  This 
development  consists  of  a  diversion  drjn  on  the  Riyallup  River,  9  miles 
southeast  of  Kapowsin,  Ylashington,  and  an  equalizing  reservoir  and  poyrer-- 
house  3  miles  southeast  of  Kapowsin,    A  10-m.ile  vrooden  flume  carries  the 
vrater  from  the  diversion  dain  to  the  equalizing  reser^^'oir.    According  to 
Seigfried  (B)2/  sand  is  carried  through  tlie  entire  length  of  the  flum.e  and 
deposited  in  the  equalizing  reservoir,  and  an  8*-inch  motor-driven  suction 
dredge  is  required  to  remove  it  from  this  reservoir  recurrently.  He 
estimated  that  about  225  cubic  yards  of  sediment  -".re  removed  fror^  the 
equalizing  reservoir  each  year,  and  that  at  least  one-half  as  much  or  more 
is  discharged  annually  through  the  nozzles  of  the  impulse  v/licels. 

The  City  of  Tacoma  has  also  experienced  difficulty  in  connection 
with  its  power  plant  located  on  the  Nisqually  River,  30  miles  south  of 
Tacoma,    This  development  consists  of  a  concrete  diversion  dam  on  the 
Hisqually  River,  an  800— foot  settling  channel  betiToen  the  intrice  at  the 
drm  and  the  portal  of  a  2-milc  tunnel  Y.hich  crosses  the  neck  of  a  loop 
in  the  river  to  a  forebay  from  i/iiich  penstocks  load  to  the  turbo^ 
generators  4-15  feet  beloY',    The  diversion  dom,  which  is  50  feet  high  rnd 
260  feet  long,  forms  a  pond  with  an  area  of  37  acres  and  a  normal  capacity 
of  172  acre-feet.    Coarse  sedimicnt  brought  dov:n  by  the  river  during  floods 
is  dropped  in  the  pond  behind  the  diversion  dm.    The  dm  is  provided  with 
sluice-gates,  and,  periodically,  at  Ioy/  stages  of  the  river,  150,000  cubic 
yards  of  sedir.ent  are  flushed  tlircugh  the  dm  (4),    The  settling  channel 
is  also  provided  yrith  sluice-gates  at  its  lower  end  to  permit  flushing  the 
accumulated  sediment  out  into  the  river  belov.''  the  dm.    The  wsettling 
channel  can  accomodate  up  to  7  feet  of  sediment,  but  during  flood  periods 
it  is  necessary  to  sluice  r\it  as  mjich  as  s-me  2,000  cubic  yards  daily  (].), 
The  regulating  reservoir  above  the  penstocks  is  also  provided  with  sluice- 
gates to  permit  annual  flushing  of  tlie  final  deposits  of  sediment  v.^hich 
arc  dropped  before  the  v.^ater  enters  the  penstocks.    The  maximum,  thickness 
of  sediment  in  this  reservoir  is  often  7  foot  and  -averages  3  or  4  feet 
at  the  end  of  a  year. 


^Refers  to  literature  cited,  see  page  14« 
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The  Puget  Sound  Fov^'er  and  Light  Company  found  it  necessary  to  install 
settling  basins  at  its  ^lliite  River  plant  ].2  miles  east  of  Tacoma.    7Jater  for 
this  developraent  is  diverted  from  the  White  River  near  Buckley,  Washington, 
and  carried  by  flume  to  a  chain  of  settling  basins  and  thence  by  canal  to 
Lake  Tapps,  the  storage  basin_,  which  is  8  miles  from  the  point  of  diversion. 
The  powerhouse  is  located  below  Lake  Tapps.    The  chain  of  settling  basins 
is  about  2  miles  long  and  the  basins  are  provided  with  sluice-gates  to  per- 
mit sluicing  out  the  accumulated  sediment  and  prevent  it  from  being  trar.s- 
ported  into  Lake  Tapps, 

Conditions  conducive  to  high  reservoii^silting  rates  are  found 
especially  on  the  Puyallup  River  and  its  major  tributaries.    According  to 
the  U.  S.  Army  Engineers  (11),  the  storage  capacity  of  a  reservoir  located 
on  the  Puyallup  River  or  its  tributaries  will  be  greatly  reduced  in  a 
comparatively  short  time  by  sedimentation.     They  point  out  that  the  maximum 
suspended  load  probably  reaches  10  percent  by  weight  and  probably  is  seldom 
less  than  2  percent.     They  call  attention  to  the  fact  th:.t  a  series  of 
soundings  in  the  Pu^.'ullup  vvater*A,'ay  at  Tacomta  following  several  violent 
freshets  in  November  1909,  revealed  in  excess  of  1,000,000  cubic  yards  of 
sediment,  most  of  which  was  brought  dovm  and  deposited  during  th^e  one  month 
of  November. 

From  these  observations^  it  is  probable  that  sedimentation  in  storage 
reservoirs  constructed  on  stream.s  that  hrve  their  sources  in  the  glaciers 
on  the  western  slopes  of  the  Cascade  Mounted ns,  especially  in  the  vicinity 
of  Tacoma,  will  be  rapid.    Silting  rates  "-re  believed  to  be  low  in  other 
sections  of  this  drainage  basin,  especially  where  stor^'ge  is  developed  in 
reservoirs  or  raised  lakes  which  have  a  high  cap-'-city-drainage  area  rrtio 
and  where  the  watersheds  are  well  forested. 

The  new  Alder  Dam,  which  is  under  const ructi-^n  by  the  City  of  Tacom.a 
on  the  Nisqually  River,  will  create  a  reservoir  in  Y\rhich  most  of  the  sediment 
coma.ng  dovm  this  stream  villi  deposit,  but  because  of  a  high  ratio  ®f  capacity 
to  drainage  area  (more  than  500  acre-feet  per  square  mile)  it  is  expected 
that  the  rate  of  capacity  loss  will  be  low. 

The  smaller  LaQrande  Dam,  which  is  under  construction  also  by  the 
City  of  Tacoma,  is  located  just  below  the  Alder  Dam  on  the  same  stream, 
and  will  be  protected  a-gainst  a  high  rate  of  silting  by  the  Alder  Dam.. 
The  Mud  Mountain  flood-control  dam,  which  is  under  construction  on  the 
White  River,  has  a  high  capacity-watershed  ratio,  and  the  orifices  of 
this  dam  will  remain  open  permanently  so  that  the  reservoir  Y;ill  be  empty 
at  all  times  except  during  flood  periods,    liuch  of  the  sediment  brought  in, 
therefore,  will  be  washed  out,  and  serious  sedimentation  of  this  reservoir 
is  not  anticipated.    Suspended-load  measurements  on  the  Cedar  and  Skagit 
Rivers  indicate  that  generally  the  silting  rates  of  reservoirs  constructed 
on  these  streams  \"111  be  low  unless  the  capacity-v. astershed  ratio  is 
very  low. 
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LOiVER  COimffilA  YCLWR  BASIN 


Of  the  total  expenditures  for  various  dam  and  reservoir  projects  in 
Washington^  exclusive  of  the  Bonneville  and  Grand  Coulee  projects,  only 
5  percent,  or  a  little  over  $8,600,000,  has  been  spent  in  the  Lov/er 
Columbia  River  Basin,  and  practically  all  of  this  has  been  for  pcvver  develop- 
ment*   Ariel  Reservoir  on  the  Lewis  River  is  the  only  major  development  in 
this  basin, 

A  reconnaissance  sedimentation  survey  of  Ariel  Reservoir  revealed  a 
very  low  silting  rate  in  comparison  with  rates  foimd  in  other  parts  of  the 
country. '  The  lov:  rate  of  sediment  accumulation,  amounting  to  14.84  acre- 
feet  per  100  square  mj-les  of  drainage  area,  and  the  extremely  high  capacity- 
watershed  ratio  result  in  a  very  low  rate  of  storage  loss. 

So  far  as  can  be  determined,  no  suspended-load  measurements  have 
been  made  on  streams  in  this  area. 


MIDDLE  COLUMBIA  RIVER  BASIN 


With  the  exception  of  the  Bonneville  project,  located  in  this  basin, 
the  cost  of  dam  and  reservoir  construction  has  probably  not  exceeded 
$4>000,000,  or  more  than  2  percent  of  the  total  investment  in  the  State, 
exclusive  of  the  Bonneville  and  Grand  Coulee  projects.     T^vo-^ major  reservoirs, 
in  addition  to  Bonneville,  are  located  in  this-  basin.     These  are  the  Condit 
Reservoir  for  power  development  on  the  y.liite  Salmon  River,  and  a  flood- 
control  reservoir  on  Mill  Creek,  a  tributary  of  the  '^alla  Walla  River. 

The  rate  of  silting  of  Condit  Reservoir,  on  the  basis  of  me  j.surements 
obtained  by  a  reconnaissance  sediTientation  survey,  was  estimated  to  be  0.11 
percent  annually.    Although  this  was  the  highest  rate  found  in  any  reservoir 
in  Washington,  it  is  still  considered  low  in  comparison  with  rates  found  in 
several  hundred  other  reservoirs  in  various  parts  of  the  United  States. 
Despite  a  relatively  high  rate  of  silting,  the  sediment  accumulation  per 
100  square  miles  of  drainage  is  very  low,  which  is  a  reflection  of  a  very 
low  capacity— watershed  ratio,  and  the  consequent  passage  of  a  large  am.ount 
of  sediment  over  and  through  the  dam. 

No  information  has  been  obtained  on  the  probable  rate  of  silting  of 
Bonneville  Reservoir.    On  the  basis  of  turbidity  measurements  of  the 
Columbia  River,  made  by  the  City  of  Tenatchce,  from  January  1927  to 
November  1930,  the  U.  S.  Army  Engineers  (10)  calculated  the  silt  load  during 
the  maxinum  year  of  silt  transportation  to  be  only  about  600  acre-feet, 
and  concluded  that  silting  of  reservoirs  construct'^d  on  this  part  of  the 
Columbia  Rj_ver  will  be  negligible. 
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Several  streans  in  the  *''alla  ".'alia  River  Basin  carry  large  quantities 
of  gravel,  sand  and  silt  during  flood  periods.    An  investigation  of  the 
".''alia  "."alia  Basin  by  the  U#  S.  department  of  Agriculture  for  flood-control 
purposes  revealed  that  the  iipo'ondage  areas  above  nine  diversion  dair-s  for 
po'ver,  irrigation  and  v/ater^supply  purposes  in  this  basin,  v/ere  filled  vrith 
silt,  gravel  and  rocks,  and  no  longer  have  any  storage  capacity. 

A  large  flood-control  reservoir  is  being  constructed  by  the  Tar 
Department  to  control  floods  on  Mill  Creek,  a  inajor  tributary  of  the 
•''alia  "IValla  River,  v.'-hich  also  carries  large  quantities  of  sedirient  during 
flood  periods.    This  reservoir  v.'ill  be  located  off-channel  and  a  high  rate 
of  silting  is  not  expected,  inasmuch  as  a  debris  dan  and  stilling  basin  have 
been  constructed  above  the  diversion  dam  on  Uill  Creek. 

Suspended-load  measurements,  covering  a  2-year  period,  on  the  Columbi 
River  at  Cascade  Locks  indicate  a  lovf  average  sediment  production  per  unit 
area  of  drainage.    Although  the  total  sediment  load  cf  the  Columbia  I?iver 
is  undoubtedly  greater  than  indicated  by  these  observations,  because  of  the 
relatively  large  bed  load  transported  by  this  stream.,  it  is  still  apparent 
that  reservoirs  v/ith  moderate  or  high  capacity-watershed  ratio  yilll  have  a 
low  silting  rate.    Suspended-load  measurerients  cn  the  Klickitat  River  also 
indicate  that  high  silting  rates  cf  reser^^oirs  constmicted  on  trds  stream 
need  not  be  anticipated,  provided  that  the  capacity-watershed  ratio  is  not 
too  low. 


UPPER  colu:.:eia  ri\^r  basin 


The  total  cost  of  dam  and  reservoir  construction  in  the  Upper  Columbi 
River  Basin  is  estimated  to  be  more  than  -324-0,000,000,  including  the  cost  of 
Grand  Coulee,  Y/hJ.ch  alone  is  estimated  to  have  cost  nearly/  $178,000,000. 
The  balance  of  more  than  ,^62,000,000  is  nearly  40  percent  of  the  total  in- 
vestment for  dams  and  reservoirs  in  Tfashiington,  exclusive  of  Borjieville  and 
Grand  Coulee.    Of  this  am.ount,  97  percent  has  been  spent  for  poY/er  purposes, 
although  the  actual  number  of  irrigation  projects  in  this  basin  is  greater 
than  the  number  of  power  projects. 

Major  power  developm.ents,  in  addition  to  Grand  Coulee  Dam,  include 
Lake  Chelan  on  the  Chelan  River;  Little  Falls,  Long  Lake,  and  lline  Mile 
Falls,  on  the  Spokane  River;  and  Reck  Island  cn  the  Columbia  River.  Large 
irrigation  developments  include  Gonconully  on  Sal?r:cn  Creek,  and  Salmon 
Lake  cn  Salmion  Creek. 

Lake  Chelan,  a  raised  natui'-al  glacial  lake  vrith  an  extremely  high 
capacity-v.'atershed  ratio,  obviously  has  no  silting  problem. 
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No  actual  sediment  measurements  have  been  made  in  the  Little  Falls 
Reservoir  form.ed  by  the  lowest  of  several  dams  on  the  Spokane  River. 
Above  Little  Falls  Reservoir  is  Long  Lake  and  above  this^  Nine  Nile  Falls 
Reservoir.    Still  farther  up  stream  is  the  Spokane  JAinicipal  Dam.  The  ovners 
of  Little  Falls  Dam  believe  that  silting  in  their  reservoir  is  very  slight, 
which  is  to  be  expected  since  much  of  the  normally  small  sediment  load  of 
the  Spokane  River  would  probably  be  intercepted  by  the  upstream,  dams  before 
it  reaches  Little  Falls. 

A  reconnaissance  sedimentation  survey  of  Long  Lake  showed  a  very  low 
rate  of  silting  in  this  reservor,  probably  for  the  same  reason. 

A  reconnaissance  sedimentation  survey  was  made  of  Nine  Nile  Re-^ervoir, 
but  the  results  of  this  investigation  are  considered  questionable  because  of 
lack  of  satisfactory  measurements. 

The  only  sediinent  found  behind  the  Rock  Island  Dam  vras  some  sand  of 
the  type  normally  transported  in  the  Columbia  Ri.ver  Channel.     The  Columi.a 
River  is  cutting  its  banks  in  places  above  the  dam,  and  has  carried  some  of 
the  sand  derived  from  this  source  into  the  reservoir. 

So  far  as  can  be  determi.ned,  no  actual  observations  of  silt  conditions 
at  Grand  Coulee  have  been  made.    In  reference  to  the  sediment  load  of  the 
Columbia  River  at  Grand  Coulee,  John  C.  P^^ge  (£)  states:     "The  water  is 
practically  free  from  silt.    Impurities  causing  turbidity  during  part  of 
the  flood  season  are  very  fine,  practically  all  carried  in  suspension,  and 
will  not  be  deposited  in  the  reser-voir." 

A  reconnaissance  sedimentation  survey  of  Conconully  Reservoir  on 
Salm.on  Creek  indicated  a  very  low  rate  of  silting,  due    niainly  to  the  v«ell- 
forested  condition  of  the  watei'shed^  which  has  practically  no  pasture  or 
cultivated  areas. 

Sediment  observations  in  nine  small  irrigation  and  pov/er  reservoirs 
in  this  drainage  basin,  in  addition  to  those  described  above,  revealed,  in 
general,  a  very  low  rate  of  silting.     The  largest  rate  of  silting  v/as  found 
in  the  Hunters  Irrigation  Reservoir  on  Hunters  Creek  near  Hunter,  Tashington, 
which  is  losing  storage  at  an  estim.ated  rate  of  0.10  percent  annually,  the 
second  highest  rate  in  the  State.     The  greater  part  of  the  sedinent  deposited 
in  this  particular  reservoir  apparently   is  derived  from  partially  cleared 
hay  land  in  the  immediate  vicinity  of  the  reservoir. 

The  rapid  silting  of  beaver  dams  in  the  I^enatch^e  River  Basin  has 
been  noted  (7).    A  local  area  of  serious  erosion  and  sedimentation  developed 
in  the  Mission  Creek  drainage  basin  near  Cashmere,  N'ashington,  as  a  result 
of  overgrazing  and  logging,  and  in  1935  a  dozen  beavers  were  introduced  to 
the  upper  waters  of  the  stream  to  supplement  a  few  which  were  a.lready  there 
and  which  were  doing  effective  work  in  controlling  soil  and  water  losses. 
A  survey  of  the  area  in  1937  revealed  that  the  beavers  had  constructed  a 
total  of  about  60  dams  and  most  of  these  were  silted     full  v:ith  a  fine  sTmdy 
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sediment •    A  detailed  study  of  22  of  these  shov^ed  that  a  total  of  5^84^ 
cubic  yards  of  silt  had  been  deposited  behind  the  dams,  the  maximum  deposit 
for  a  single  dam  being  707  cubic  yards.     This  indicates  that  silting  m.ay 
represent  a  problem  in  small  areas  where  natural  forest  conditions  have  been 
disturbed. 

On  the  basis  of  sediment  observations  on  15  scattered  large  and  small 
irrigation  and  pov^er  developments  in  the  Upper  Columbia  Hiver  Basin,  it  is 
concluded  that  the  rate  of  reservoir  silting  is  generally  very  lev;  in 
artificial  reservoirs  in  thJLs  basin  and,  in  most  cases,  does  not  form,  a 
serious  problem  unless  the  capacity-watershed  ratio  is  Ic^^,  or  considerable 
cultivation  and  grazing  exists  in  the  drainage  area.  Suspended-load 
determinations  on  the  Columbia,  Spokane,  and  'A'enatchee  Rivers  indicate  that 
sediment  production  per  urjLt  area  of  drainage  is  low  and  consequently 
reservoir  silting  on  these  streams  will  be  generally  low, 

SNAKE  RIVER  BASIN 


The  cost  of  construction  of  dam  and  reservoir  projects  in  the  Snake 
River  Basin  in  ?/ashington  is  believed  to  be  less  than  1  percent  of  the 
total  cost  of  all  such  projects  in  the  State.    No  major  dam.s  or  reservoirs 
have  been  constructed  in  that  part  of  the  hasin  located  within  the  State 
of  Washington. 

No  information  is  available  on  silting  conditions  of  reservoirs  in 
the  Snake  River  Basin.    Since  only  minor  dam  construction,  mostly  for 
diversion  purposes,  has  been  undertaken  in  this  basin,  it  is  believed  that 
silting  of  storage  reservoirs  is  not  a  serious  problem. 

Suspended-load  measurements  on  the  South  Fork  of  the  palouse  River 
and  tributaries  indicate  that  sediment  production  per  unit  area  is  lov!  to 
moderate.     The  rate  of  silting  of  reservoirs  on  these  streams  can  be  kept 
low  only  if  reservoirs  are  constructed  with  a  m.oderately  high  capacity- 
watershed  ratio. 


YAKIMA  RIVER  BASIN 

Dam  and  reservoir  construction  in  the  Yakima  River  Basin  has  am.ounted 
to  72"  percent  of  the  total  cost  in  the  State,  exclusive  of  the  Bon-neville 
and  Grand  Coulee  projects.     The  total  cost  of  construction  in  this  region 
has  been  about  $12,000,000,  of  which  66  percent  has  been  for  irrigation 
purposes,  13  percent  for  pov.'er,  and  1  percent  for  other  purposes.  Major 
projects,  all  for  irrigation,  include  Cle  Elum  on  the  Cle  Elum.  River, 
Keechelas  at  Lake  Keechelas,  Kachess  on  the  Kachess  River,  and  Tieton  on 
the  Tieton  River. 
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A  reconnr-issr.nco  scdlmuntaticn  survey  of  Tic  ton  Reservoir  reve?.l:;d 
that  the  estmated  average  annual  rate  of  siltin::^  0.04  percent,  is  very 
low,  although  the  estimated  sedinent  accuir.ulation  per  unit  area  of  drainage 
of  45.99  acre-feet  per  square  nile  is  the  highest  of  any  found  in  the  State 
of  Washington,    In  comparison  v/ith  rates  found  in  other  sections  of  the 
United  States,  this  rate  of  sedmcnt  accumulation  per  unit  of  drainage 
would  be  considered  as  moderate.    Because  the  ratio  of  storage  to  drainage 
area  is  extremely  high,  the  average  annual  storage  loss  is  very  low.    It  is 
believed  Uict  most  of  the  sedment  in  this  reservoir  is  brought  in  by 
strerms  empt^dng  directly  into  the  reservoir  from  the  south, 

Ovmers  of  several  smaller  irrigation  reservoirs  in  this  basin  report 
that  they  consider  silting  in  these  to  be  very  slight, 

A  reconnaissance  sodim.entation  survey  of  one  of  the  major  irrigation 
reservoirs  in  this  region,  general  inf orm^^.tion  relative  to  several  smaller 
representative  irrigation  reservoirs,  and  suspended- load  determinations  ox 
the  lakim.a  River  at  Cle  Slum  and  Prosser,  all  indicate  that  reservoir  silt- 
ing is  probably  not  a  serious  problem  in  this  region.    The  watersheds  above 
most  of  the  reservoirs  are  usually  well-forested,  and  serious  soil  erosion 
is  not  widespread, 

COULEE  REGION 


The  estiTiated  cost  of  reservoir  constinction  in  this  region  is  less 
than  1  percent  of  that  for  the  entire  State,  exclusive  of  the  Bonneville 
and  Grand  Coulee  projects.    The  only  large  irrigation  developm.ent  in  this 
region  is  Moses  Lake,  vrhich  is  a  natural  lake,  raised  b^,"-  an  8-foot  earth 
drm,  owned  by  the  Moses  L^ke  Irrigation  District, 

The  peculiar  physical  chrracteristics  of  the  Coulee  Region,  ydiich 
are  not  found  anwhere  else  in  the  United  States,  lend  themselves  to  the 
developr.ent  of  unique  irrigation  rpid  silting  basins  for  agricultural 
purposes.    Those  are  constructed  in  the  steep-sided  Pleistocene  glacial 
channels  or  so-called  "coulees"  of  this-  region.    The  usual  practice  is  to 
build  a  drm  across  the  valley  and  impound  the  snow  mnoff  for  about  2 
vreeks  in  the  spring  to  saturate  the  soil.    The  rrator  is  then  drained  off 
and  the  soil  cultivated.    Most  of  the  sedjjAent  in  the  ivater  is  deposited 
during  this  period  and  adds  to  the  fertility  of  the  loom  deposits  of  the 
coulee  bottoms, 

A  detailed  survey  of  the  Dennett  Basin  near  './ilsoncreek,  l/ashington, 
which  is  a  typical  irrigation  and  silting  basin,  vras  m.ade  by  the  Sedi- 
mentation Section  of  the  Soil  Conservation  Service  in  September  1936  Q). 
It  was  found  that  in  19  years  of  operation.,  an  average  deptli  of  about  1.4- 
fcet  of  sedinent,  equal  to  a  total  volur.ie  of  470  acre-feet  of  sedijTient, 
had  been  deposited  above  the  dm.    The  principal  source  of  sedim.ent  is  the 
highly  credible  loess-covered  uplands  Tfhich  extend  over  more  than  half  of 
the  entire  vratershed  area. 
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Since  the  only  large  storage  development  in  Co-alee  Region  v'as  formerly 
a  natural  lake  v.ath  an  extremely  high  ratio  of  storage  to  drainage  area, 
silting  of  major  storage  reservoirs  is  not  a  problem  in  this  basin.  Sediment 
carried  by  a  member  of  streams  in  the  Coulee  Region  is  purposely  stopped 
behind  dams  but  its  deposition  in  these  cases  is  considered  beneficial  and 
loss  of  unimportant  storage  behind  these  dams  is  expected. 

CONCLUSIONS 


Rates  of  reservoir  silting  are  generally  not  very  high  in  the  State 
of  7,''ashington  because  one  or  more  of  the  follo?'ing  conditions  usually 
exist  at  nearly  every  major  reservoir:     (1)  The  reservoir  is  a  raised  natural 
lake;   (2)  the  reservoir  is  off-channel,  permitting  a  certain  amount  of 
sediment  control;   (3)  the  ratio  of  storage  capacity  to  watershed  area  is 
high;  or  (4)  the  sediment  production  per  unit  area  of  drainage  is  loxv  due 
to  the  well-forested  condition  of  the  Y/atershed, 

The  highest  rate  of  silting  was  fc^ond  to  occur  in  the  Condit 
Reservoir  on  the  WhAte  Salm.on  Kivcr  in  Middle  Columbia  River  Basin«  This 
relatively  high  rate  was  due  to  a  low-  capacity-watershed  ratio  rather  than 
to  a  high  rate  of  erosion  in  the  watershed. 

The  highest  arjiual  rate  of  sediment  production  per  unit  area  of 
drainage  in  the  State,  as  determined  by  suspended-load  measurtmf.nts,  was 
found  to  be  a  m.oderate  rate  of  62.4  acre-feet  per  100  square  miles,  occurring 
on  the  watershed  of  Missouri  Flat  Creek,  a  tributary  of  the  South  Fork  of 
the  Palouse  River.     The  highest  rate  of  sediment  production  per  unit  area 
of  drainage,  as  determined  by  reservoir  deposits,  was  found  above  the  Tiaton 
Reservoir  on  the  Ticton  River  in  the  Yakima  Rj.ver  Basin,  but  because  of  the 
extremely  high  capacity-watershed  ratio,  thcr^.te  of  silting  is  very  lew-. 

A  summary  of  existing  suspended-load  data  for  streams  in  "'ashington 
(table  1)  indicates  that  the  average  sediment  production  per  unit  of 
drainage  area  is  generally  very  low  in  the  State  of  "Jashington  when  compai'cd 
with  rates  found  in  other  parts  of  the  United  States. 

Large  quantities  of  sediment  are  carried  by  certain  streams  In  some 
parts  of  the  State,  notably  by  streams  of  glacial  origin  on  the  western 
slopes  of  the  Cascade  Mountains  in  the  Puget  Sound  Basin  and  by  streamtS 
floT/ing  across  the  Coulee  Region.    Sediment-control  measures  have  been 
incorporated  in  the  designs  of  the  major  projects  located  on  the  Cascade 
streams,  and  difficulties  due  to  sedimentation  have  been  largely  overcomLe, 
although  at  considerable  cost  both  for  installation  and  operation.  Jn 
the  Coulee  Region  the  sediment  is  trapped  and  used  for  agricuD.tural 
purposes  and  is,  therefore,  not  considered  detrimental. 
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In  various  parts  oi  the  State,  serious  soil  erosion  exists,  cut, 
so  far  as  is  kncv;n,  the  contribution  of  sedinient  from  these  areas  has  not 
resulted  in  high  silting  rates  in  existing  major  reservoirs,  lev;  of  vvhich 
are  located  telov;  such  areas  of  erosion.     In  general,  when  conipared  vrith 
silting  rates  found  in  other  sections  of  the  United  States,  the  average 
rate  of  silting  of  ITashington  reservoirs  is  very  lo?:. 
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